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Background. The methods currently used for measuring environmental tobacco smoke (ETS) exposure among smalt 
children alt have their limitations. The aim of this study was to compare the results of questionnaire assessments of chil¬ 
dren’s ETS exposure with cotinine measurements in urine and nicotine measurements in hair, a new method lor estimating 
average ETS exposure. 

Methods. Questionnaire information on ETS exposure and a sample of hair were collected from 94 children aged 12—36 
months. A urine sample tor cotinine analysis was obtained from 72 of the children. 

Results. Nicotine was found in all hair samples and cotinine in all urine samples. Compared to children registered as 
unexposed by the questionnaire, hair nicotine levels were 12.4 times higher among children exposed to more than 10 
DNC (daily number of cigarettes) (P< 0.001) and 3.6 times higher among children exposed to 1-10 DNC (F < 0.001). 
The median cotinine creatinine ratio (CCR) was 2.4 limes higher among children exposed to more than 10 DNC 
compared to unexposed children (P < 0.001). No significant difference in median CCR was found between unexposed 
children and children exposed to 1—10 DNC. The correlation coetticient was 0.64 between children's hair nicotine levels 
and DNC, 0.50 between CCR and DNC and 0.56 between children's hair nicotine levels and CCR. 

Conclusion- Nicotine measurement in hair is a practical and valid method for estimating average ETS exposure in 
children. An underreporting of ETS exposure was indicated. 
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There is increasing evidence of an association between 
children's exposure to environmental tobacco smoke 
(ETS) and diseases and disorders such as airway infec¬ 
tions. asthma and reduced lung function. 1 " 3 it has, how¬ 
ever, been difficult to estimate the strength of these 
associations. u More than 4000 compounds have been 
identified in tobacco smoke and many of them are also 
found in ETS. 1 The methods currently used for meas¬ 
uring ETS exposure among small children all have their 
(imitations. 1 No methods are currently available for 
measuring these compounds in the target organs. The 
misclassificaiion of exposure to ETS reduces the oppor¬ 
tunity for identifying associations between exposure 
and health effects. 
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Questionnaires are being used extensively to collect 
ETS exposure data in epidemiological studies. 1 How¬ 
ever, conditions such as variations in distance and time 
between the subjects and the ETS source, indoor distri¬ 
bution of ETS, recall bias and parental willingness 
to admit smoking could give rise to validity problems. 
Cotinine is a metabolite of nicotine. Measurements of 
cotinine in blood, urine and saliva have been used as 
biomarkers indicative of ETS exposure. 1 ■‘ > ~ 9 A ha!f-!i/e 
time of between 6 and 54 hours, 10 individual metabolic 
variations and sampling problems in children create 
uncertainties in the interpretation of cotinine measure¬ 
ments among children. Recent studies have used the 
concentration of nicotine in hair as an estimate of ETS 
exposure."" 16 With a growth rate of hair of I cm per 
month. l3,!5 nicotine levels in the proximal 0-2 cm 
segment of hair would represent nicotine exposure 
during the last 1-2 months prior to sampling. No differ¬ 
ence was revealed when nicotine concentrations were 
compared in hair samples taken from behind both 
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cars. 1 * To our knowledge no study comparing nicotine 
levels in children's hair with other methods for assess¬ 
ing ETS exposure has yet been published, The aim of 
this study was therefore to compare the results of ques¬ 
tionnaire assessments of children’s ETS exposure with 
cotinine measurements in urine and nicotine measure¬ 
ments in hair. 


METHODS 

Subjects 

The collection of data took place during November 
and December 1992. Families who attended two of 
Oslo’s child health centres for routine care of their 
children were asked to participate. To be included in the 
study, the families had to give informed consent. Only 
families with a child aged between 12 and 36 months 
and with regular smoking habits in the last months 
before data collection were included. Children under I 
year old were not included as many would have in¬ 
sufficient hair growth for a proper hair sample. In ordeT 
to ensure a broad range of ETS exposure levels among 
the children, the nurses were told to recruit the first 
30 families in which neither of the parents reported 
smoking, the first 30 families in which one of the 
parents reported smoking and the first 30 families in 
which both parents reported smoking. In the end, the 
final sample (n = 94) differed somewhat from this (25 
non-smoking families, 40 families in which one of the 
parents smoked and 29 families in which both parents 
smoked). All the eligible families agreed to participate, 
The median age of the children was 20 months 
fquartiles: 15 and 24 months). Of the children, 56 
(60%) were boys and 6+ (68%) children attended day 
care facilities outside the home. None of the children 
was breastfed. One of the families was excluded 
because the hair sample was too small for nicotine 
measurements and owing to the lack of a urine sample. 
The purpose of the study was explained to the parents 
and the need for correct data on ETS exposure was 
emphasized. The families lived in a district of Oslo in 
which most of the homes are apartments built between 
1970 and 1980. At that time, energy saving was being 
heavily focused upon. The average temperature in Oslo 
for November and December 1992 was +i.0°C and 
-0.8°C, This resulted in heating and restricted ventila¬ 
tion in the homes combined with a great deal of indoor 
living. 

Questionnaire Information on ETS Exposure 
Assisted by a nurse, the mother filled in a one-page 
queslionnaire on the daily number of cigarettes smoked 


by people living in the close environment of the child in 
the last months before the data collection. The mother 
was asked if she smoked. If she did, she was asked 
whether she smoked every day or just occasionally and 
was also asked to give the average number of cigarettes 
she smoked a day at home and in total. The corres¬ 
ponding information was collected for the father and 
for other people living in the child’s home. If the child 
attended day-care, information about cigarette smoking 
in the day-care facilities was collected- The mother was 
also asked to estimate the daily number of cigarettes 
which the child had been exposed to in cither places. 
Filling in the questionnaire took less than 10 minutes. 
On the basis of the questionnaire information, the daily 
number of cigarettes to which the child had been 
exposed (DNC) was calculated. This included all the 
cigarette smoke exposure registered both at home and 
outside the home and was used as an estimate of 
the child’s ETS exposure. No information on the 
quality of the homes or the time activity pattern was 
collected. 

Urine Cotinine 

Each family received a urine container and instructions 
on sampling. The sample was to be taken in the morn¬ 
ing, daied and mailed to ihe Institute the same day. 
Weekends were avoided because of a possible delay in 
the mail. This procedure ensured that Ihe sample was 
received at the Institute the following day. The nurses 
called the families 1 or 2 days after the visit to make 
sure that they had mailed a urine sample. In all, 72 urine 
samples were received. The urine samples were frozen 
at -20°C. Of the children registered as being unexposed 
in the questionnaire, 21% had no urine samples com¬ 
pared with 23% of the exposed children. The samples 
were analysed for cotinine using a doable antibody 
radioimmunoassay (RIA) from Diagnostic Products 
Corporation. 11 Creatinine was measured and the cotinine 
Creatinine ratio (CCR) was calculated in order to make 
corrections for urine dilution. 8 " 10 

Nicotine in Hair 

The nurses were trained in hair sampling. Al least 
10-15 mg of the child's hair was cut close to the scalp 
behind each ear. Each sample was Stored in separate 
closed envelopes. The proximal 0-2 cm segment was 
separated from the rest of the hair sample. This part was 
dissolved in 2 ml of 5 M NaOH for 30 minutes. Nico¬ 
tine was then extracted into diethyl ether and quantified 
by gas chromatography/mass spectrometry- The hair 
sampling procedure and analysis was identical to that 
recently described. 18 Analysis of hair nicotine concen¬ 
trations was performed during spring 1993. 


PM3006484866 


Source: https://www.industrydocuments.ucsf.edu/docs/zthj0001 



90 


INTERNATIONAL JOURNAL OF EPIDEMIOLOGY 


Table 1 Parental reports of environmental tobacco smoke 
exposure of 93 children In Oslo F9V2 



Children 

No. 

w 

DN* 

Range 

Moihtr smokes 

4S 

52* 

9.8 

(1-20) 

Mother smokes at home 

42 

45* 

6.5 

(1-20) 

Father smokes 

49 

S3* 

12.6 

11-25) 

Father smokes at home 

41 

44* 

5.9 

11-23) 

Other person smokes ai ticnne 

5 

5* 

15 0 

(2-2V 

Children exposed during day care 

5 


4.fi 

(2-6) 

Children -exposed outside home 

24 


3.9 

(l-tl) 

Unexposcd children 

24 

26* 




* Daily number of cigarettes. 


Statistics 

The nicotine levels in hair and CCR did not fit a normal 
distribution. Median levels and percentiles were there¬ 
fore used to describe the distributions. A non-para- 
metric test (Mann-Whitney) was used to compare 
groups. Spearman’s rank correlation coefficient was 
used to estimate the correlation between the results of 
ETS exposure produced by the different methods. To 
estimate the explained variance of the biomarkers by 
DNC, nicotine levels in hair and CCR were log- 
transformed in order to fit a normal distribution. A 
weighted Kappa coefficient was estimated to show the 
agreement between the methods. 18 in order to estimate 
the Kappa coefficient CCR and nicotine levels were 
stratified into three groups according to the tertiles. 
DNC was stratified into 0 DNC, 1—10 DNC and >10 
DNC. The analyses were performed using SPSS for 
Windows version 6.0. 1? 


RESULTS 

Parental smoking habits and the main situations in 
which the children were exposed to ETS are shown in 
Table 1. The parents reported that 69 (74%) of the 93 
children were exposed to ETS. Of the exposed children, 
87% were exposed to parental smoking at home. Cotir- 
tne was detected in all the urine samples and nicotine 
was found in all the hair samples. The median level 
of CCR in urine was 180 ng/mg among boys and 
194 ng/mg among girls (P -- 0.95). The median level of 
nicotine in hair was 2.9 pg/g for boys and 2.1 pg/g for 
girls (P = 0.59). There was no significant difference 
in DNC between boys (median DNC = 6.0) and 
girls (median DNC = 4.0) (P - 0.74). Stratified on 
the basis of age (>s2D months or >20 months), there was 


no significant difference in cither CCR or nicotine 
levels. 

Figure l presents the per cent of children registered 
by the questionnaire as being unexposed or exposed at 
six different levels of CCR and nicotine in hair. No 
distinct cutoff levels separating children registered by 
the questionnaire as being exposed or unexposed were 
found. 

Only children from whom a urine sample was ob¬ 
tained were included in the comparison between the 
three methods for estimation of ETS exposure. The 
median level of CCR in children registered as being 
exposed to more than 10 DNC was 2.4 times higher 
than the median level in children registered as being 
unexposed (P < 0.001) (Table 2). There was no 
significant difference in CCR levels between children 
registered as being exposed to 1-10 DNC and children 
registered as being unexposed (P = 0.3). The median 
level of nicotine in children’s hair was 12.4 times 
higher among the children registered as being exposed 
to more than 10 DNC and 3.4 times higher among 
children being exposed to 1-10 DNC than among the 
children registered as being unexposed (P < 0.0001 and 
P = 0.0001) (Table 2). 

The children without urine samples had a higher 
median nicotine level in their hair lhan those returning 
a sample, 7.1 |ig/g and 2.3 (ig/g (P < 0.01) respectively. 
The corresponding medians for DNC were 6.0 and 4.0 
( P - 0.6). Among children from families in which both 
parents smoked at home, the CCR levels in urine and 
the nicotine levels id hair were significantly higher than 
those of children from families in which neither of the 
parents smoked at home ( P < 0.0! and P < 0.0001) 
(Table 3). The children in families in which only one of 
the parents smoked at home bad significantly higher 
levels of nicotine in their hair compared with the 
children from families in which neither of the parents 
smoked at home (P < 0.005) (Table 3). There was no 
such difference in the case of CCR. Children exposed to 
only maternal or only paternal smoking at home 
. displayed no significant difference in the levels of CCR 
and nicotine in their hair (Table 3). 

The correlation between children’s nicotine levels in 
hair and DNC was 0.64 (P < 0.0001) (Spearman’s rank 
correlation coefficient). The corresponding correlation 
coefficient for CCR and DNC was 0.50 (P < 0.0001) 
and for children's nicotine levels in hair and CCR 0.56 
(P < 0-0001). After log-transformation of nicotine levels 
in hair and CCR 36% of the variance of nicotine 
levels in hair and 24% of the CCR was explained by 
’ DNC (linear regression). 

Weighted Kappa coefficient between children’s hair 
nicotine levels and DNC was 0.44, hetween CCR and 
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Figure 1 Distribution of cotinine creatinine ratios f CCR) and nicotine levels in hair among children registered by the questionnaire as 
being unexposed or exposed to environmental tobacco smoke 
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Table 2 Median levels and 25th-75th percentiles of cotbtine 
creatinine ratio (CCR) in urine and nicotine in hair among 

72 children )2-36 months of age according to environmental 
tobacco snioke exposure as registered by questionnaire 




DNC* 


0 

(n = 19) 

1-10 
(n 3 34) 

>10 

(n = 19) 

CCR (ng/mg) 

132 

t63 

315 

(25th-75th percentile) 

(101-199) 

(131-218) 

(224-564) 

Nicotine (pg/g) 

0.7 

2.4 

8.7 

(25th-75th percentile) 

<0.5-1.3) 

(1.2-4.9) 

(2.4-19.6) 


1 The daily number of cigarettes the child has been exposed to* 
There are significant differences between all groups for nicotine 
levels in hair and CCR (P < 0.001) except for CCR levels 
between unexposed and exposed to 1-10 DNC (P^ 0.28). 


DNC 0.44 and between children’s hair nicotine levels and 
CCR 0.46. Among the 19 children registered as unexposed 
by questionnaha, three had CCR levels and one had hair 
nicotine level in the upper tertile. Of the 21 children 
without urine samples, four were registered as being 
exposed to more than 10 DNC and 12 as being exposed to 
1-30 DNC. All these children had hair nicotine levels that 
would have stratified them into the estimated middle or 
upper tertile. Of the five children registered as being 
unexposed, only two had nicotine levels in the lower 
tertile. After inclusion of these children in the analysis the 
weighted Kappa coefficient between DNC and children’s 
hair nicotine levels was 0.42. 


DISCUSSION 

This study shows increasing levels of CCR in urine 
and nicotine levels in children’s hair with increasing 
daily number of cigarettes the child had been exposed 


to. registered by questionnaire. The differences in the 
median levels of biomarkers between groups of 
increasing ETS exposure estimated by the question¬ 
naire were greater for nicotine in hair than for CCR 
in urine. In contrast to other studies, all the urine 
and hair samples had measurable levels of bio- 
markers. 6,l2,,4 “ 15,20-22 

When collecting urine samples, we had to inform the 
parents of the purpose of the study in advance. This 
gave them an opportunity to reduce the ETS exposure 
before sampling. Such a change in smoking habits could 
have resulted in reduced CCR levels, probably to the 
greatest extent among the children registered as being 
exposed by the questionnaire. Even though both groups 
of children were equally exposed to ETS according to 
the questionnaire, we found a higher level of nicotine in 
the hair of children without urine samples. This could 
be explained by more underreporting of ETS exposure 
by the parents of these children. Results from cotinine 
measurements in these children's urine would probably 
have increased the CCR level within the whole material. 
The levels of biomarkers were not significantly different 
in families where only mother or father smoked. The 
high number of children in day care indicated that the 
mother spent much time away from her child and by that 
reduced the time she could expose her child to ETS. 

Many studies comparing continine levels in body 
fluid with questionnaire information on ETS exposure 
have found a lower correlation or lower explained vari¬ 
ance between biomarkers and questionnaire informa- 
lion than we found for nicotine levels in hair, CCR and 
DNC. 21,23-25 Marbury compared CCR and questionnaire 
information on the numbers of cigarettes smoked in 
small children’s homes and found a higher correlation 
<r = 0.8). 9 This could be explained by the participants 
being informed in advance about the purpose of the 
study and the fact that passive nicotine samplers had 
been placed in tire homes during the period before 
questionnaire information about the children’s ETS 


Table 3 Median value and 25th—75 th percentiles for cotinine creatinine ratio (CCR), nicotine levels in children's hair and daily number 
of cigarettes (DNC) to which 72 children had been exposed according to parental smoking habits 



Neither of the parents smoke 

<n = 27) 

Only father smokes 

(n = 15) 

Only mother smokes 

(n = 15) 

Both parents 
smoke 
(n=15> 

CCR <ng/mg> 

145 

209 

165 

251 

(25th-75th percentile) 

<108-199) 

(136-245) 

(90-324) 

(192-885) 

Nicotine (pg/ml) 

0.9 

2.9 

3.2 

2*9 

(25th-75th percentile) 

<0-5-1.8) 

(1.8-17.9) 

(1.3-8.?) 

(22.2-11.0) 

DNC 

0 

5 

5 

n 

(25th-75rtt percentile) 

(0-1) 

<3-10) 

(3-10) 

(8-17) 
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exposure was collected, thereby reducing recall bias. 
To optimize the quality of the questionnaire informa¬ 
tion in this study, the families filled in the questionnaire 
together with the nurses. By emphasizing ihe fact that 
the purpose of the study was not to study the parents' 
smoking habits but to try out a new method, we hoped 
to reduce underreporting. Lack of information on the 
volume of the apartments, the air exchange rate and 
the time activity pattern could reduce the validity of the 
questionnaire and explain the estimated correlation 
coefficients. Also parental unawareness of ETS expos¬ 
ure, underestimation of ETS exposure due to social 
desirability and variations in the half-life of cotinine 
could contribute to this. 10 Since the nicotine measure¬ 
ments in hair and the questionnaire information, in 
contrast to the CCR method, were less influenced by 
short-term variations in ETS exposure it was likely 
that we found the highest correlation between those 
methods. 

The moderate agreement between the methods shown 
by the weighted Kappa coefficients could be explained 
by the same arguments as for the correlation coeffi¬ 
cients. Neither CCR levels in urine nor nicotine levels 
in hair could distinguish between children registered as 
unexposed or exposed by the questionnaire. Parental 
underreporting and difficulty in recognizing a low 
degree of ETS exposure could explain why children 
registered as being unexposed had detectable levels of 
biomarkers in their hair and urine. The few cases with 
high levels of biomarkers among the children registered 
as unexposed could most probably be explained by 
underreporting of children’s ETS exposure. Climatic 
and living conditions at the time the study was con¬ 
ducted increased the likelihood of being exposed to 
ETS. Classifying children as unexposed could therefore 
be questioned. Studies have shown great variability in 
the levels of cotinine and CCR. 8,5 ’ 22,26 ' 27 When it comes 
to nicotine in hair, only a few studies have been 
published. 11-15 Levels of CCR and hair nicotine must 
therefore be interpreted carefully. 

Cotinine measurements in body fluid have been 
shown to be a useful biornarker in estimating ETS 
exposure. 4 ’ 5-20,25 28 Measuring cotinine concentration in 
urine by gas chromatography is an alternative to the 
R3A method used in this study. 29 This might have im¬ 
proved the agreement between CCR and the other meth¬ 
ods. However, sampling problems, interpersonal and 
age variations in the half-life of cotinine complicate 
the use of cotinine measurements in urine among small 
children. 10 No effect of age on the cotinine concentra¬ 
tions was observed. Parents had to be informed of the 
purpose of the study in advance of the urine sampling. 
By that a possible information bias was introduced. 


Sampling problems were further illustrated by missing 
urine samples in 23% of the cases. The effect of mailing 
the urine sample is not clear. However, it has been shown 
that mailing salivary cotinine specimens does not change 
the cotinine levels due to time delays. 20 

Measuring nicotine in hair is a promising method for 
estimating average ETS exposure among small chil¬ 
dren. The nicotine levels in hair in this study were 
similar to the levels found among passive smokers in 
other studies, 11-16 Since the method estimates nicotine 
exposure during the last 1-2 months prior to sampling, 
short-term variations in exposure will have less effect 
on the nicotine levels in hair compared to biomarkers 
With short half-life time. Even though the cost of analys¬ 
ing nicotine concentrations in hair at the moment is 
more than double that of cotinine analysis by RIA, the 
method should be considered for use in epidemiological 
studies, especially among small children. The sampling 
procedure is simple. The data collector is able to inform 
people about the study, recruit participants and collect 
all the data at the same time. By measuring nicotine in 
hair, misclassification due to recall bias, underreporting 
and unawaicness of exposure is avoided. Information 
on the time activity pattern, the air exchange and the 
distance from the ETS source will not be needed. How¬ 
ever, more information is required in order to evaluate 
the possible significance of nicotine measurements in 
hair as a marker of ETS exposure. Epidemiological 
studies on the association between exposure and health 
effects are needed. So too are studies on dose response 
relations, children’s hair growth rate and individual 
differences in nicotine affinity to hair, 
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